The second most abundant bacterium on the root surface of young sugar beet plants was The family Rhizobiaceae comprises four genera of plantassociated bacteria: Agrobacterium, Rhizobium, Bradyrhizobium, and Phyllobacterium (29). The first three genera have been extensively studied and exploited as tools in plant engineering (7, 8, 20, 51) and as seed inocula (3, 13, 41, 49) . In contrast, the genus Phyllobacterium has received little attention because it has been found only occasionally in leaf nodules of the tropical plant species Ardisia crispa, Ardisia crenata, and Pavetta zimmermania (31). However, reinfection of plants with these original isolates did not result in leaf nodule formation. Thus, the question whether these bacteria are true leaf nodule-inducing bacteria and to what extent they are associated with nodules is still unanswered. Moreover, it is not possible to conclude whether one or more bacterial genera are involved in leaf nodulation. In the past, leaf nodule bacteria have been assigned to the genera Chromobacterium, Phyllobacterium, Xanthomonas, and Klebsiella. The symbiosis between the "leaf symbiont' Bacterium folliicola (9) (= Phyllobacterium myrsinacearum [31] ) and Ardisia crispa was extensively studied by De Jongh (9). This author described a symbiotic cycle of this bacterium in this plant. Bacteria survive in the seed and colonize the buds of stems after germination of the seed and outgrowth of the plant. They later invade foliar nodules, inflorescence bud, flower, and finally the fruits. There is also much controversy about the possible role of this bacterium in the phytosphere. It was suggested that leaf nodule bacteria produce plant growth hormones, particularly cytokinins, which are necessary for the normal functioning of the host plant (18, 45 Knosel (31) who distinguished the species Phyllobacterium myrsinacearum and Phyllobacterium rubiacearum, both isolated from leaf nodules of greenhouse-grown tropical plants. These names were accepted as nomina revicta (32). Only three Phyllobacterium strains are kept in culture collections. DNA-rRNA hybridizations (10) have shown that Phyllobacterium is closely related to but distinct from Agrobacterium, Brucella, Mycoplana, Rhizobium, and CDC group Vd strains (= Ochrobactrum anthropi) (24).
The family Rhizobiaceae comprises four genera of plantassociated bacteria: Agrobacterium, Rhizobium, Bradyrhizobium, and Phyllobacterium (29) . The first three genera have been extensively studied and exploited as tools in plant engineering (7, 8, 20, 51) and as seed inocula (3, 13, 41, 49) . In contrast, the genus Phyllobacterium has received little attention because it has been found only occasionally in leaf nodules of the tropical plant species Ardisia crispa, Ardisia crenata, and Pavetta zimmermania (31) . However, reinfection of plants with these original isolates did not result in leaf nodule formation. Thus, the question whether these bacteria are true leaf nodule-inducing bacteria and to what extent they are associated with nodules is still unanswered. Moreover, it is not possible to conclude whether one or more bacterial genera are involved in leaf nodulation. In the past, leaf nodule bacteria have been assigned to the genera Chromobacterium, Phyllobacterium, Xanthomonas, and Klebsiella. The symbiosis between the "leaf symbiont' Bacterium folliicola (9) (= Phyllobacterium myrsinacearum [31] ) and Ardisia crispa was extensively studied by De Jongh (9) . This author described a symbiotic cycle of this bacterium in this plant. Bacteria survive in the seed and colonize the buds of stems after germination of the seed and outgrowth of the plant. They later invade foliar nodules, inflorescence bud, flower, and finally the fruits. There is also much controversy about the possible role of this bacterium in the phytosphere. It was suggested that leaf nodule bacteria produce plant growth hormones, particularly cytokinins, which are necessary for the normal functioning of the host plant (18, 45) . Others claimed that Phyllobacterium species are able to fix nitrogen, but this was contradicted by Van Hove (52) and Lersten and Homer (36) .
The generic name Phyllobacterium was proposed by * Corresponding author. Knosel (31) who distinguished the species Phyllobacterium myrsinacearum and Phyllobacterium rubiacearum, both isolated from leaf nodules of greenhouse-grown tropical plants. These names were accepted as nomina revicta (32) . Only three Phyllobacterium strains are kept in culture collections. DNA-rRNA hybridizations (10) have shown that Phyllobacterium is closely related to but distinct from Agrobacterium, Brucella, Mycoplana, Rhizobium, and CDC group Vd strains (= Ochrobactrum anthropi) (24) .
In the present study, we report for the first time on the widespread occurrence of Phyllobacterium species on the root surface of young sugar beet plants and on its characteristics. This bacterium was found to be the second most abundant bacterium during a large-scale study of the bacterial communities of the rhizoplane of young sugar beet plants in Belgium and Spain (B. Lambert, P. Meire, P. Lens, H. Joos, and J. Swings, unpublished data). In this study, over 5,600 isolates were collected from 1,100 sugar beet plants by using 10% Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) + 2% agar (TSBA) as a nonselective medium for the isolation of heterotrophic aerobic bacteria. All isolates were characterized by sodium dodecyl sulfate-polyacrylamide gel electrophoresis of total cellular proteins as previously described (35 All Phyllobacterium strains listed in Table 1 were tested for antibacterial activity against several phytopathogenic bacteria. These tests were done as follows. About Rif'(pGV2260::L136) was tested for capacity to transform tobacco by a leaf disk assay (7) . In this assay, Phyllobacterium strain PGSB 4038 Rif(pGV2260::L136) was cocultivated with leaf disks which were subsequently transferred to Murashige and Skoog (40) agar plates supplemented with 100 mg of kanamycin per liter, 1 mg of benzylaminopurine per liter, 0.1 mg of naphthylacetic acid per liter, and 500 mg of Claforan (Hoechst) per liter. A. tumefaciens C58CI Rif' (pMP90), A. tumefaciens C58CI Clmr Eryr(pGV2260: :L136), and Phyllobacterium strain PGSB 4038 Rif' were used as controls. The plasmid pMP90 is a pTiC58 derivative carrying a gentamicin resistance marker in which the total T region, including the borders, is deleted (33) . The whole set of cocultivated leaf disks was also incubated on the same medium without kanamycin (without selection for transformed plant cells).
Detection of genes that are potentially involved in plantbacterium interactions. Phyllobacterium strains LMG lt1T, LMG 2t2T, PGSB 3519, PGSB 3574, and PGSB 6181 and 0. anthropi LMG 3301 (Table 1) were screened by Southern blotting for the presence of different genes known to be involved in plant-bacterium interactions. The genes and restriction fragments that were used are listed in Table 3 . Total DNA was prepared as described above and digested with PstI. The gene fragments were labeled and hybridized to the target DNA as described above. RESULTS Distribution of FPT 3. Phyllobacterium species was isolated from 198 (18%) of a total of 1,100 investigated sugar beet plants. It occurred on, respectively, 14 and 37% (average) of the plants in Belgium and Spain and was found on all the fields. It was found at each investigated growth stage between the 2nd and 10th leaf stage, except at the 2nd leaf stage in Spain. It occurred on the two investigated sugar beet varieties. Densities ranged from 2 x 104 to 2 x 108 CFU/g of root.
Identification of FPT 3. The numerical analysis of 147 carbon source assimilation tests (see below for results) of the nine strains of FPT 3 indicated that they cluster together above 89% similarity with the three reference strains of Phyllobacterium (Fig. 1) . The protein fingerprints of the sugar beet isolates were highly similar to fingerprints of the type strain of P. rubiacearum (Fig. 2) and clearly different from those of the type strains of A. tumefaciens and 0. anthropi. The patterns of the two P. myrsinacearum strains (LMG 2t2T and LMG 3t, differed from those of all the other Phyllobacterium strains by the presence of a heavy protein band in the upper part of the gel. (12) Agrobacterium (15) biovar I R. meliloti (3) Agrobac ter ium biovar 3 (3) biovar 2 (6) R. leguminosarum (2) Mycoplna (2) The following amino acids or amines (API 50AA) were used as a C source by all Phyllobacterium strains: La-alanine, L-leucine, L-isoleucine, L-serine, L-tryptophan, trigonelline, L-threonine, L-aspartate, L-glutamate, L-proline, betaine, DL-4-aminobutyrate, ethanolamine, and glucosamine.
All other substrates of the API 50CH, API 50AO, and API 50AA galleries were only used by a few or none of the strains.
Eleven substrates were tested twice on all Phyllobacterium strains: once in the API auxanographic systems and once in the API 20NE gallery. The agreement was perfect for D-glucose (+), D-mannose (+), D-mannitol (+), N-acetylglucosamine (+), D-maltose (+), caprate (-), adipate (-), L-malate, (+) and phenylacetate (-).
Three substrates yielded several weakly positive results in the API 20NE systems, e.g., L-arabinose, which was clearly positive for all Phyllobacterium strains in API 5OCH and which showed nine weakly positive, one positive, and two negative reactions in API 20NE. Another example is Dgluconate, which was uniformly positive in API 50CH and which showed 10 weakly positive and 2 negative results in API 20NE. Citrate was also clearly positive for all Phyllobacterium strains in API 50AO and showed four positive, six weakly positive, and two negative results in API 20NE.
(iv) Susceptibility toward antibiotics. Only for doxycyclin (30 p.g), novobiocin (30 ,ug) , framycetin (100 pg), and tetracycline (30 ,ug) Antibacterial activity. Only P. rubiacearum LMG lt1T and P. myrsinacearum LMG 2t2T weakly inhibited the growth of X. campestris pv. campestris A 249. None of the tested strains inhibited the growth of the other phytopathogenic bacteria.
Evidence for interaction between Phyllobacterium species and plants. To assay whether Phyllobacterium species carries some of the genes involved in plant-bacterium interactions, we determined the presence of several chromosomal virulence and other genes (Table 3) . We first tested the Agrobacterium attachment genes chvA and chvB. These gene probes did not hybridize to the target DNA of the tested strains, while positive controls did so. This negative result prompted us to test whether Phyllobacterium species when harboring a Ti plasmid could induce tumors or transform plant cells. This would indicate that Phyllobacterium species carries genes that are functionally equivalent to the common chromosomal genes of Agrobacterium and Rhizobium species, particularly chvA and chvB. Therefore, two Ti-plasmid derivatives were conjugated to Phyllobacterium strain PGSB 4038 Rif' and tested for tumorigenicity or capacity to transform plant cells. The plasmids pBLOO1 and pGV2260::L136 were transferred to Phyllobacterium strain PGSB 4038 Rif at frequencies of 0.5 x 1o-3 and 0.5 x 10-6, respectively. A comparison of the protein fingerprints and the Southern blots of exconjugants with donor and acceptor strains confirmed that the exconjugants were Phyllobacterium species and that they carried pBLOO1 (Fig. 3) infected with Agrobacterium species generated tumors, while none of the plants infected with Phyllobacterium strain PGSB 4038 Rif showed any sign of hypertrophy (Fig. 4) . The morphology of the tumors induced by Phyllobacterium strain PGSB 4038 Rif(pBL0O1) was different from those induced by the Agrobacterium parental strain. The Phyllobacterium species-induced tumors were smooth with a small number of elongated roots sprouting at the base. The Agrobacterium tumors were rough with many short rootlets all over the tumor.
Phyllobacterium strain PGSB 4038 Rif(pGV2260::L136), in contrast to the parental Agrobacterium strain carrying the same plasmid, was not able to transform tobacco cells in a leaf disk assay; no shoots regenerated on selective medium containing kanamycin. Nonetheless, an interesting phenomenon was observed on the control calluses that were placed on nonselective medium without kanamycin (Fig. 5) . Leaf disks treated with A. tumefaciens C58CI Rif(pMP90) showed only shoot formation, while shoot formation was strongly reduced on disks that were cocultivated with Phyllobacterium strain PGSB 4038 Rift. The same strain carrying pGV2260: :L136 induced root and some shoot formation after cocultivation of leaf disks and placing these on nonselective medium.
Plating tests showed that all leaf disks were colonized by the respective bacteria. Comparison with A. tumefaciens C58CI Rifr(pMP90)-treated disks indicated that Phyllobacterium strain PGSB 4038 Rif' may produce auxins (which are known to inhibit shoot formation) and that the addition of a Ti plasmid even causes a root induction effect. Thus, in both plant experiments we obtained indications that Phyllobacterium species produces auxins. Subsequent analysis of pure culture supernatants confirmed that Phyllobacterium strain PGSB 4038 Rifr produces indole-3-acetic acid (IAA) (H. Van Onckelen, unpublished data). Consequently, we tested whether Phyllobacterium species carries genes encoding phytohormone biosynthesis. We screened the six strains mentioned in Table 1 for the presence of the following genes:
the gene iaaM present both in A. tumefaciens and Pseudomonas savastanoi which catalyzes the synthesis of indole-3-acetamide from L-tryptophan; the genes iaaH and ipt from A. tumefaciens, encoding the synthesis of isopentenyltransferase, which is involved in the inhibition of root formation FIG. 5 (9) . The nutritional versatility of Phyllobacterium species, as shown in the API tests, and the antifungal activity probably support its competitive growth and abundant proliferation in the rich environment of the root surface where various compounds present in the root exudates attract diverse microorganisms. The fact that the rhizosphere isolates from sugar beet are nearly identical to those obtained from leaf nodules indicates that Phyllobacterium species might be a general phytosphere colonizer. In contrast to previous suggestions which claimed (in analogy with the root noduleinducing rhizobia) that the leaf nodule bacterium Phyllobacterium is able to fix nitrogen, our experiments showed that they cannot exert this activity; none of the isolates including the reference strains hybridized to nifHDK. All known nitrogen-fixing bacteria so far harbor these genes.
Tumor induction by the Ti-plasmid-carrying Phyllobacterium strains on Kalanchoe plants shows that the Phyllobacterium genome carries genes that are functionally equivalent to the chromosomal genes of A. tumefaciens and also demonstrates its ability to associate closely with plant tissues. Tumor induction involves attachment of bacterial cell sites to plant cell wall sites and mutual signaling before the induction of T-DNA transfer. chvA, chvB, exoC, and att genes are the only known chromosomal genes to be involved in the early infection events and to be necessary for virulence. The fact that Phyllobacterium species does not carry DNA sequences that hybridized to chvA-chvB under the experimental conditions implies the presence of structurally different genes. Transfer of Ti or Ri plasmids from Agrobacterium to Rhizobium spp. has already been done by others (22, 25, 50) . In one of these experiments, the octopin-type Ti plasmid was transferred from A. tumefaciens B6S3 to A. tumefaciens C58CI (cured of its Ti plasmid) and to a Rhizobium trifolii strain. Both acceptor strains gained the ability to induce tumors on K. daigremontiana. The phenotype of the tumors was identical to that of the donor strain. It was concluded that the plasmid determines the phenotype of the tumor that will develop irrespective of the chromosomal background.
Tumors (17) , but nothing is known about the interspecies DNA-DNA homology of these auxin biosynthesis genes.
In conclusion, the screening of Phyllobacterium species for the presence of several genes that are known to be involved in plant-bacterium interactions did not give any suggestion about the potential role or influence of this bacterium in plant associations. The fact that none of the tested genes involved in plant-bacterium interactions were found in Phyllobacterium species shows that this bacterium is, in this respect, genetically different from Agrobacterium species and rhizobia. In fact, the numerical analysis of the carbon assimilation tests demonstrated that Phyllobacterium species shows only 73% homology with the Rhizobiaceae cluster, which must indeed be reflected on the DNA level.
With the present work, we also improved the characterization of Phyllobacterium species. The initial identification of the nine sugar beet isolates by the API 20NE test system as "Achromobacter" was unsatisfactory. This generic designation has been used for a long time for aerobic, peritrichously flagellated rods, oxidase positive, producing acid from xylose and occasionally from other sugars, but not from lactose, not producing indole, not producing extracellular enzymes for the hydrolysis of Tween 80, DNA, gelatin, starch, or casein (19) . The sugar beet isolates have these properties except for the flagellation, which is not peritrichous, but polar, subpolar, or lateral. In fact, the genus Achromobacter is one of the "dumping grounds" (30) in which a heterogeneous assemblage of different microorganisms can be found. Hendrie et al. (21) have proposed to discontinue the use of "Achromobacter."
The application of auxanography has solved the exact identity of the sugar beet isolates. A search in the data base available in the Laboratory of Microbiology revealed that the isolates belong to the genus Phyllobacterium. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of wholecell proteins confirmed this identification (Fig. 2) .
The application of various API systems also allowed us to considerably extend the current phenotypic characterization of Phyllobacterium species (32) . This work also demonstrates the value of a correct identification, which in this case led to the discovery of a new niche of Phyllobacterium species.
The abundant presence on the root surface, the indirect evidence for its communication capacity with plant cells, and the fact that it is apparently nonpathogenic make this bacterium an interesting new study object for fundamental as well as for applied research. Subsequent research should give us a better idea about the status and molecular ecology of this bacterium. This could provide us with new insights in the evolution from a primitive parasitic plant-bacterium interaction to the complex mechanisms of symbiotic or genetic plant colonization, as shown by Rhizobium spp. and A. tumefaciens, respectively.
